Abstract. We investigate issues pertaining to query processing of temporal databases in a relational environment. Tuple-versioning of relations is the adopted method of temporal data representation. New operators are necessary in order to exploit the richer semantics of temporal queries. We define four types of temporal joins--theta-join, time intersection, time union and the event-join. Factors that affect processing strategies are discussed, especially the problem of estimating data selectivity for various temporal operations. Strategies for implementing the temporal equijoin operator is evaluated.
INTRODUCTION AND MOTIVATION
The importance of temporal data models lies in their ability to capture the complexities of real world phenomena which are inherently dependent on time. Traditional approaches, such as the relational model of data, are incapable of handling all the nuances of such phenomena. Temporal models open up the possibility for new types of operations to enhance the retrieval power of a database management system (DBMS). One of the potential drawbacks of such models is the lack of processing efficiency--the size of data and the complexity of time-oriented queries may yield unsatisfactory performance.
Many papers have been published on logical models that incorporate to varying degrees the time dimension. Most fall into the following categories: (1) Extensions to the relational model, e.g. Our approach is to look into the functional requirements of queries on a temporal relational database. From there we define a set of fundamental join operators and investigate implementation and optimization strategies. We are motivated in part by the desire to study the feasibility of implementing the TSC model in relational form, or on top of an existing relational DBMS. In this paper, we do not attempt to define a complete set of temporal relational algebra, instead we focus on temporal joins, classified according to the attributes and operators specified in the join predicates. It is our belief that these joins should be capable of capturing the semantics of most, if not all, of the temporal join operators found in the literature. We outline several major issues that affect the design of query processing methods, with special emphasis on selectivity estimation of temporal relations for various operations. Finally, we look at a specific temporal operator, the temporal equijoin, and evaluate alternative strategies for its implementation.
The rest of the paper is organized as follows: In the next section, we discuss the relational representation of temporal data, and introduce basic definitions. In section 3, we define and discuss temporal operators and joins. In section 4, factors that impact query optimization are discussed, elaborating on mathematical modeling of the behavior of temporal relations. Implementation and efficiency issues pertaining to the temporal equijoin operator is explored in section 5. Finally, section 6 offers conclusions and an outline of future work. • An introduction to the problem of selectivity measurement with respect to temporal relations, and how to model the dependencies that exist within such relations. As in traditional query optimization, deriving good selectivity estimates is of fundamental importance. In this paper we present the first step towards that goal.
• Evaluation of implementation strategies for the temporal equijoin, in the context of a relational environment. To the best of our knowledge this paper is the first to address the issue.
RELATIONAL REPRESENTATION AND DEFINITIONS
A convenient way to look at temporal data is through the concepts of Time Sequence (TS) and Time Sequence Collection (TSC) [Segev & Shoshani 87] . A TS represents a history of a temporal attribute(s) associated with a particular instance of an entity or a relationship. The entity or relationship is identified by a surrogate (or equivalently, the time-invariant key). For example, the salary history of an employee is a TS. A TS is characterized by several properties, such as the time granularity, lifespan, type, and interpolation rule to derive data values for non-stored time points. In this paper, for the sake of expositional convenience, we concentrate on one common type of data --stepwise constant (SWC) . SWC data represents a state variable whose values are determined by events and remains the same between events; the salary attribute represents SWC data. Time sequences of the same surrogate and attribute types can be grouped into a time sequence collection (TSC), e.g. the salary history of all employees forms a TSC. There are various ways to represent temporal data in the relational model; detailed discussion can be found in [Segev & Shoshani 88a] .
We assume a time-interval representation, as shown in the examples of Table 1: The relations 
